
US006282262B1 

United States Patent (12) (10) Patent N0.: US 6,282,262 B1 
Warburton (45) Date of Patent: Aug. 28, 2001 

(54) X-RAY TUBE AND METHOD OF FOREIGN PATENT DOCUMENTS 

MANUFACTURE O2272400-A * 11/1990 (JP) . 

(75) Inventor: Don Warburton, Sandy, UT (US) * Cited by examiner 

(73) Assignee: Varian Medical Systems, Inc., Palo _ 
Alto, CA (Us) Primary Examiner—Dav1d P. Porta 

(74) Attorney, Agent, or Firm—Workman, Nydegger & 
( * ) Notice: Subject to any disclaimer, the term of this Seeley 

patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. (57) ABSTRACT 

The present invention relates to structures Within an X-ray 
(21) Appl. No.: 09/437,943 device including an X-ray can, an X-ray can Window frame 

_ _ insert, a rotor sleeve, and a bearing support assembly for a 
(22) Flled' NOV‘ 10’ 1999 rotor structure. The various structures are fabricated from a 

(51) Int. c1.7 .................................................... .. H01J 35/18 Chromium alloy Of_ Copper that is essentially Oxygen free 
(52) us CL 378/119. 378/140 copper havmg a mmor amount of chromium, the combina 
(58) Field of 'S'éarch 378/119 121 tion of Which imparts desirable qualities to the X-ray device 

378 136 139’ 140’ structures, including efficient heat sink and emissivity quali 
’ ’ ’ ’ 142’ 143’ 161’ ties that are bene?cial in an X-ray device environment. In 

’ ’ one preferred embodiment of the present invention, oxygen 

(56) References Cited free high conductivity (OFHC) copper is melted in an RF 
furnace in the presence of a minor amount of chromium and 

US. PATENT DOCUMENTS is either ingot cast or poWder metallurgically cast into a 

4 238 706 * 12/1980 Yoshihara et al 378/143 desired article and further fabricated into a ?nished article. 

5:090:475 * 2/1992 Marx ................... .. 

5,317,618 * 5/1994 Nakahara et a1. ................. .. 379/161 8 Claims, 4 Drawing Sheets 

, 28 

I X 

. \ \ \ 
\ \ 

l 
\/ 1/ I 

\\ J J I! \ / 
\ 26 28 I, 
\\ / 

\\ // 
\\ // 



U.S. Patent Aug. 28,2001 Sheet 1 0f 4 US 6,282,262 B1 

0 O O 

/ 

II ,” 

:\_ 14 

12\ 42 

10/ 16 O ~21 

\\25 

FIG. 1 



U.S. Patent US 6,282,262 B1 Sheet 2 0f 4 

3 

SJ ///////////////////////'7/////_% | \ ?sh 
_ 

Aug. 28, 2001 

2 

M2 o 2 , /W 7 

E n. x‘), I i 2_/_\ 2 /////W////_r//////////T///\/// / _ 

r »_ 

Z \ \ \ / z a z 2 



U.S. Patent Aug. 28,2001 Sheet 3 0f 4 US 6,282,262 B1 

FIG. 3 

FIG. 4 



U.S. Patent Aug. 28,2001 Sheet 4 0f 4 US 6,282,262 B1 

232 
\ 

FIG. 6 



US 6,282,262 B1 
1 

X-RAY TUBE AND METHOD OF 
MANUFACTURE 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention 
The present invention relates to x-ray devices. More 

particularly, the present invention relates to x-ray tubes 
having components constructed of a copper chromium alloy 
material for enhanced thermal management and thermal 
stability. 

2. The Relevant Technology 
X-ray devices are Widely used in applications ranging 

from medical radiology to industrial diagnostics. Acommon 
problem encountered in the design and operation of x-ray 
tubes used in such devices relates to the management of the 
extremely high temperatures that are present. Heat manage 
ment is particularly troublesome in the region of the rotating 
anode and rotor assembly. During operation, extreme tem 
peratures are generated at the anode’s focal track, Which are 
then transferred to other parts of the rotor assembly. These 
temperatures can adversely affect the operating life of the 
x-ray tube. For instance, bearings that assist the rotating 
anode to rotate can fail, and other parts of the rotor assembly 
are prone to failure from the constant thermal expansion and 
contraction. 

The problems related to high temperatures produced in 
the x-ray tube have been partly addressed by providing an 
emissive coating on the rotor portion of the x-ray tube 
assembly. Preferably, the coating possessed thermal charac 
teristics that alloWed components of the x-ray tube—such as 
the rotor—to operate more satisfactorily under the extreme 
operating temperatures. For example, in the past a thin, 
oxygen-de?cient titanium oxide layer Was applied onto the 
rotor skirt by a plasma spraying process. HoWever, this 
coating has not been entirely satisfactory—especially over 
longer operating periods. In particular, the repeated thermal 
cycling of an x-ray tube structure tends to cause an emissive 
coating of this sort to ?ake or spall aWay from the rotor skirt. 
This debris can then contaminate other components Within 
the x-ray tube, and lead to premature failure of the tube. 
Moreover, there often is a thermal mismatch betWeen rotor 
material and the coating material, Which tends to Weaken the 
bond betWeen the tWo materials as they thermally expand. 
Again, this leads to the undesired situation of the coating 
?aking or spalling and contaminating the x-ray tube. 

Use of such coatings can also give rise to other problems. 
For instance, during the manufacturing of the x-ray tube 
device, di?iculties are often encountered in getting the 
coating to properly adhere to the rotor substrate and/or the 
other x-ray components. To ensure proper adhesion typically 
requires an additional manufacturing step prepare the rotor 
substrate. For example, the rotor substrate may be “rough 
ened” by blasting the substrate With a grit material. This 
process is undesirable for several reasons. First, the need for 
air extra manufacturing step adds cost and complexity to the 
overall manufacturing processes. Second, some of the grit 
material used in the roughening process invariably Will 
become physically embedded Within the rotor substrate 
material. This grit material can then shed from the rotor 
during operation of the x-ray tube, especially after repeated 
use. Again, release of such foreign matter Within the sealed 
environment of an x-ray tube leads to contamination and 
premature failure of the tube. 
As noted, other components Within the x-ray tube are also 

subject to various problems associated With the high oper 
ating temperatures. For example, a bearing support structure 
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2 
is often connected to a “nose” portion of the rotor Which is 
in turn connected to the rotating anode. The bearing support 
structure is typically disposed Within the rotor sleeve portion 
and, due to its close proximity to the rotating anode, is also 
exposed to extreme temperature ?uctuations. Typically, the 
bearing support structure is made of a copper material to 
take advantage of its high thermal conductivity qualities. 
HoWever, copper can deform under the signi?cant transient 
thermal stress that is experienced in the bearing support 
structure. Adeformed rotor bearing support structure causes 
problems such as hindered and/or unbalanced rotation, 
resulting in a cathode-anode misalignment. This situation 
compromises the quality of the x-rays that are emitted from 
the anode. Moreover, any type of unbalanced rotation results 
in vibration of the x-ray tube, Which increases operating 
noise of the x-ray device, and ultimately can render the x-ray 
tube inoperable. 
One approach to address some of the problems encoun 

tered When using copper as a rotor bearing support material 
as been use a alternative material, such as stainless steel. 
HoWever, although stainless steel exhibits better structural 
rigidity in the presence of high temperatures and thus resists 
deformation, stainless steel has a loWer thermal conductiv 
ity. As such, unacceptably high temperatures can be present 
Within the rotor and bearing assembly. 

Another signi?cant challenge for heat management in an 
x-ray device relates to the dissipation of the heat from the 
x-ray tube to the surrounding structure. Typically, heat is 
transferred from the x-ray tube to a heat-transfer ?uid 
medium such as a dielectric oil that is disposed Within 
another enclosure, sometimes referred to as an x-ray tube 
“can” or housing. This housing or can must also exhibit 
suitable heat transfer characteristics. If the can is not an 
e?icient heat transfer medium, any e?iciencies or improve 
ments achieved for heat transfer in the x-ray tube can be 
neutraliZed by the can itself. 

Typically, the can housing is made of copper or stainless 
steel. During operation of the x-ray tube, high temperatures 
are especially prevalent at the WindoW area of the can, Which 
is Where the x-ray signals are emitted. Problems can arise in 
the event that the material that is adjacent to the WindoW 
does not e?iciently draW heat aWay from the WindoW. 

Thus, What is needed in the art is an x-ray tube that can 
Withstand the destructive effects of extreme operating tem 
peratures generated at the rotating target anode. In particular, 
the x-ray tube components located adjacent to the anode, 
such as the rotor and rotor skirt, should possess desirable 
thermal characteristics. Moreover, any solution should 
reduce or eliminate the occurrence of any foreign debris 
being released Within the evacuated enclosure, such as from 
?aking or spalling of any coating materials, or from any 
materials used during the manufacturing process. In 
addition, it Would be an advancement in the art to provide a 
x-ray tube housing or “can” that is not subject to Warpage 
and structural damage in the presence of high temperatures, 
and Which can e?iciently dissipate heat present at the 
WindoW area. 

BRIEF SUMMARY AND OBJECTS OF THE 
INVENTION 

It is therefore a primary object of the present invention to 
provide an x-ray device and manufacturing method in Which 
alloys having superior operating characteristics in the pres 
ence of extreme temperatures and temperature ?uctuations 
are utiliZed. 

A related objective of the present invention is to provide 
a material and a method of manufacture that can be used to 
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construct components of an x-ray tube device and that 
improves the thermal characteristics of the components. 

Yet another objective of the present invention is to pro 
vide an x-ray tube having components that are not subject to 
?aking and spalling of the outer surface, even When exposed 
to the extremely high operating temperatures Within an x-ray 
tube. 

Another object of the present invention is to provide 
components for use in an x-ray tube that can be manufac 
tured Without introducing any foreign debris, such as grit, 
into the x-ray tube. 

Still another objective of the present invention is to 
provide an x-ray tube that has components that have an outer 
thermal emitter layer or coating that possesses superior 
thermal characteristics. 

Another related objective is to provide an x-ray tube and 
method of manufacture in Which an outer thermal coating or 
layer is easily applied to components of the x-ray tube. 

These and other objects and features of the present 
invention Will become more fully apparent from the folloW 
ing description and appended claims, or may be learned by 
the practice of the invention as set forth hereinafter. Brie?y 
summariZed, the present invention utiliZes a chromium alloy 
of copper material to construct components of an x-ray 
device that require superior thermal characteristics. For 
instance, in presently preferred embodiments, the chromium 
alloy of copper material is used to construct the rotor sleeve, 
or “skirt” portion of the rotor assembly. The rotor sleeve is 
then treated, for instance in a Wet H2 environment. so that 
the sleeve has an oxidiZed, or “greened” external surface. 
The resulting rotor sleeve exhibits several desirable charac 
teristics. First, the chromium alloy of copper material is 
structurally sound, even When exposed to the extremely high 
temperatures of an operating x-ray tube. Second, the outer 
layer provided by the greened surface is ef?cient thermal 
emitter and thus transfers heat aWay from the rotor assembly. 
Both advantages result in a rotor assembly that has a longer 
operational life. 
A rotor sleeve constructed of the chromium alloy of 

copper material also resists any ?aking or spalling of the 
outer surface due to the integral structure of the sleeve and 
its greened emitter surface. This reduces the amount of 
contaminant that is present Within the evacuated x-ray tube, 
thereby reducing opportunity for tube failure and increasing 
the overall operational life of the tube. 

Alternative embodiments of the present invention also are 
directed to a composite structure that uses the inventive 
chromium alloy of copper as a plasma-sprayed coating upon 
an essentially oxygen free copper substrate. The plasma 
sprayed chromium alloy of copper is then greened in a Wet 
H2 environment. This provides an essentially oxygen free 
substrate, a copper alloy coating disposed upon the substrate 
comprising the inventive chromium alloy of copper, and a 
thermal oxidation layer formed upon the coating. Again, 
x-ray tube components, such as a rotor sleeve, having this 
con?guration possess superior thermal characteristics. 

Other embodiments utiliZe the chromium alloy of copper 
in other x-ray tube components. For example, the material 
can be used in the bearing support structure that is used to 
provide rotation to the anode disk. Again, the resulting 
bearing support structure possesses a signi?cantly improved 
resistance to thermal deformation, and at the same time 
maintains an efficient high thermal conductivity. This 
reduces the amount of heat that is conducted to the ball 
bearing assembly, and reduces the incidence of heat-induced 
failure that may otherWise occur. 
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4 
Other embodiments of the present invention relate to the 

application of the chromium alloy of copper to the outer 
x-ray tube housing or “can” portion of the x-ray tube device. 
For example, in one embodiment, the alloy is used Within the 
WindoW frame insert of a stainless steel can housing. This 
WindoW frame insert acts as an ef?cient heat sink that draWs 
heat aWay from the x-ray WindoW itself. Again, this thermal 
characteristic results in a longer lasting x-ray tube device. 
The chromium alloy of copper can also be used in other 

areas of the x-ray tube can housing. In one preferred 
embodiment, the entire can is constructed of the chromium 
alloy of copper, and is then treated so as to provide the outer 
thermal oxidation layer. Again, the resulting can provides 
distinct advantages of thermal heat management and resis 
tance to deformation. 

Embodiments of the present invention also relate to an 
improved method of making the inventive chromium alloy 
of copper. One preferred method includes providing, essen 
tially oxygen free copper as a major component With 
unavoidable impurities and combining it With chromium as 
a minor component With unavoidable impurities. The com 
bination of copper and chromium is placed into a container 
in an inert atmosphere and heated in order to achieve a 
chromium copper solution. Embodiments of the present 
invention also involve methods of using the chromium alloy 
of copper, including the casting of articles of manufacture 
therefrom and also atomiZing the chromium copper solution 
to obtain a metal poWder as a stock material for forming 
preferred articles by poWder metallurgical techniques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in Which the above-recited and 
other advantages and objects of the invention are obtained, 
a more particular description of the invention brie?y 
described above Will be rendered by reference to a speci?c 
embodiment thereof Which is illustrated in the appended 
draWings. Understanding that these draWings depict only 
typical embodiments of the invention and are not therefore 
to be considered to be limiting of its scope, the invention Will 
be described and explained With additional speci?city and 
detail through the use of the accompanying draWings in 
Which: 

FIG. 1 is a simpli?ed schematic representation of an x-ray 
tube assembly; 

FIG. 2 is a cross-sectional elevational vieW of a rotating 
anode assembly portion of an x-ray tube of the sort illus 
trated in FIG. 1, including the rotating anode, and the rotor 
assembly; 

FIG. 3 is a detail section taken from FIG. 2 illustrating in 
cross section embodiments of the present invention; 

FIG. 4 is a detail section taken from FIG. 2 illustrating an 
alternative embodiment of the present invention; 

FIG. 5 is a partial cut-aWay, elevational perspective vieW 
of an x-ray WindoW insert assembly according yet another 
embodiment of the present invention; and 

FIG. 6 is an elevational side vieW of a portion of an x-ray 
tube housing and an x-ray WindoW insert assembly formed 
Within the housing. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention relates to an x-ray device having at 
least one structural component that is comprised of a chro 
mium alloy of copper material. Use of the chromium alloy 
of copper in various x-ray device structures has overcome 
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several problems that existed in the art of x-ray devices. 
Namely, the chromium alloy of copper is particularly Well 
suited for use Within an x-ray tube due to its ability to 
Withstand deformation, even in the presence of high tem 
peratures. Moreover, When greened in a Wet H2 atmosphere, 
the chromium alloy of copper is provided With an outer layer 
that acts both as a heat sink and as a thermal emitter body. 
This provides the corresponding x-ray tube component With 
superior heat management characteristics. 

In a ?rst embodiment of the present invention, a chro 
mium alloy of copper is used as the primary material for 
construction of selected components of an x-ray tube device. 
Preferably, the chromium alloy of copper is made of an 
essentially oxygen free copper. By “essentially oxygen 
free,” it is meant that the copper component in the chromium 
alloy of copper has an oxygen impurity concentration less 
than 100 ppm. In preferred embodiments, the oxygen impu 
rity concentration is less than 10 ppm. One suitable essen 
tially oxygen free copper that may be uses as an alloy 
component, or as a substrate material, is oxygen free high 
conductivity (OFHC) copper that is commercially available. 
Likewise, the chromium portion of the chromium alloy of 
copper has an oxygen impurity level of about 100 ppm or 
less, and again is preferably about 10 ppm or less. 

In a presently preferred embodiment, the essentially oxy 
gen free copper portion of the alloy is present as a major 
component, and the chromium is present as a minor com 
ponent. The balance of the alloy is unavoidable impurities. 
Preferably, the oxygen free copper is present in a range from 
about 90% to about 99.9%, and the remaining balance is 
chromium and unavoidable impurities. Accordingly, the 
preferred balance of chromium is in a corresponding range 
from about 10% to about 0.1%. One particularly preferred 
chromium alloy of copper is essentially oxygen free copper 
in an amount of about 98.5%, chromium about 1.5%, and the 
balance unavoidable impurities. 

Reference is ?rst made to FIG. 1, Which illustrates an 
exemplary x-ray tube device, designated generally at 100, 
that is suitable for use in connection for various embodi 
ments of the present invention. Generally summariZed, the 
x-ray tube device 100 includes an outer housing, or “can” 
13. Disposed Within the can 13 is an evacuated glass housing 
11, Which encloses an anode assembly 10 and a cathode 15. 
The anode assembly 10 includes a rotating anode 12 that is 
connected to a rotor shaft 16. The rotating anode 12 is 
spaced apart from and oppositely disposed from a cathode 
15. As is Well knoWn. the cathode 15 includes a cathode head 
and a ?lament (not shoWn) that is connected to an appro 
priate poWer source. The anode and the cathode are con 
nected Within an electrical circuit that alloWs for the appli 
cation of a voltage potential (ranging from about ten 
thousand to in excess of hundreds of thousands of volts) 
betWeen the anode (positive) and the cathode (negative). The 
high voltage differential causes a thin stream, or beam, of 
electrons, designated at 40, to be emitted at a very high 
velocity from a portion of the cathode 15 toWards an x-ray 
“target” 14 that is positioned on the rotating anode target 
disk 12. The x-ray target has a target surface (sometimes 
referred to as the focal track) that is comprised of a refrac 
tory metal. When the electrons strike the target, the kinetic 
energy of the striking electron beam is converted to elec 
tromagnetic Waves of very high frequency, i e., x-rays. The 
resulting x-rays, designated at 42, emanate from the anode 
target, and are then collimated through a WindoW 32 for 
penetration into an object, such as an area of a patient’s 
body. As is Well knoWn, the x-rays that pass through the 
object can be detected and analyZed so as to be used in any 
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6 
one of a number of applications, such as x-ray medical 
diagnostic examination or material analysis procedures. 
The rotating anode disk 12 (also referred to as the rotary 

target or the rotary anode) is operably connected to the 
rotating shaft 16, Which is connected at an opposite end to 
a supporting rotor assembly 21. The shaft 16 and the anode 
disk 12 are rotated by any suitable means, such as a stator 
motor 25. The stator motor is used to rotate the disk at high 
speeds (often in the range of 10,000 RPM), thereby causing 
the focal track to rotate into and out of the path of the 
electron beam. In this Way, the electron beam is in contact 
With speci?c points along the focal track for only short 
periods of time, thereby alloWing the remaining portion of 
the track to cool during the time that it takes the portion to 
rotate back into the path of the electron beam. 
As noted, the need to continuously accelerate and rotate 

the disk at such high speeds in the presence of extremely 
high temperatures can give rise to a number of problems. For 
instance, While the rotation of the track helps reduce the 
amount and duration of heat dissipated in the anode target, 
the focal track is still exposed to very high temperatures— 
often temperatures of 2500° C. or higher are encountered at 
the focal spot of the electron beam. This heat is transferred 
to other portions of the x-ray tube assembly, including the 
components of the rotor assembly 21, the outer “can” 13 
housing, and the WindoW 32. The high temperatures cause 
extreme thermal stresses to occur in these, and other portions 
of the x-ray tube 100, resulting in a shorter operational life 
and even failure of the x-ray tube. As Will be further 
discussed and described, improved thermal characteristics 
are provided Within these various x-ray tube components by 
utiliZing the above-described chromium alloy of copper. 

Reference is next made to FIG. 2, Which is an elevational 
cross-section vieW of the rotating anode assembly 10. As is 
shoWn, the rotating anode 12 With a focal track 14 is affixed 
to the rotor shaft 16. The opposite end of the shaft 16 is 
connected to a rotor hub 18 or nose portion. The rotor hub 
18 is then mounted to a rotor sleeve 24 (sometimes referred 
to as a rotor “skirt”) via an interface 19. Partially disposed 
Within the rotor sleeve 24 is a bearing support assembly, 
designated generally at 22. The bearing support assembly 22 
includes a bearing hub 20, Which is connected to a shaft 25 
that is rotatably supported on a bearing support surface 
provided by bearings (not shoWn) disposed Within the bear 
ing housing 23. 
As noted, during operation of the x-ray tube device 100 a 

signi?cant amount of heat is radiated from the rotating 
anode 12. Unavoidably, a signi?cant fraction of this heat is 
conducted along the rotor shaft 16, into the rotor hub 18 and 
farther into rotor sleeve 24 and bearing hub 20 and other 
portions of the bearing support assembly 22. The extreme 
temperature ?uctuations experienced Within the bearing 
support assembly 22 and various other components of the 
rotating structure can, especially over repeated operations, 
degrade the operating life of the components—especially in 
the absence of effective heat management. Accordingly, 
rotor sleeve 24 is typically con?gured as a heat conductor to 
act as a heat sink and thereby draW and dissipate heat aWay 
from bearing support assembly. Moreover, in preferred 
embodiments of the present invention, the rotor sleeve 24 is 
constructed With the chromium alloy of copper material or, 
alternatively, of a composite containing a chromium alloy of 
copper described above. This provides for further improve 
ment in management and dissipation of heat Within the rotor 
assembly. In a similar fashion, the chromium alloy of copper 
may also be employed in constructing other parts of the 
x-ray tube 100. For example, portions of the bearing support 
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assembly 22, such as the external structure 23 that encloses 
the bearings (not shown), can also be constructed With the 
chromium alloy of copper. 

According to one embodiment of the present invention, 
the rotor sleeve 24 portion of the rotor assembly 21 is made 
of the chromium alloy of copper and may be provided in the 
preferred concentration ratios as set forth above. FIG. 3 is a 
detail section taken along the line 3—3 from the rotor sleeve 
24 in FIG. 2. In FIG. 3, the rotor sleeve 24 is a composite 
structure comprising an alloy substrate 26 of the essentially 
oxygen free copper in solid solution With chromium accord 
ing to the concentration ratios set forth above. 

In the illustrated embodiment, there is a greened chro 
mium oxide layer 28 disposed upon the alloy substrate 26. 
The greened chromium oxide layer 28 has distinct qualities 
that provide advantages—especially With respect to thermal 
management. The greened chromium oxide layer 28 is 
preferably formed by treating alloy substrate 26 in a Wet H2 
environment under conditions sufficient to oxidiZe at least 
some chromium in alloy substrate 26 to form an oxide layer 
that is integral to alloy substrate 26. By “integral” it is meant 
that vertical chemical bonds betWeen greened oxide layer 28 
and alloy substrate 26 are stronger than laterally disposed 
chemical bonds betWeen chromium oxide molecules Within 
greened oxide layer 28. The vertical bonds may be stronger 
by a factor of about 1.1, and in a preferred embodiment are 
about 2.5 or greater. 

The method of treating the alloy substrate 26 includes 
setting the substrate 26 in a vessel, such as a heating oven 
or furnace, and contacting the substrate 26 With Wet H2 in a 
temperature range from about 100° C. to about 1200° C. A 
contacting time in a range from about 0.1 h to about 5 h may 
be used for the formation of greened oxide layer 28. 

In one presently preferred process, the alloy substrate 26 
comprising 98.5% OFHC copper and 1.5% chromium is 
placed in a Wet H2 environment in a temperature range from 
about 1,000° C. to about 1,050° C. and for a contacting time 
in a range from about 1 hour to about 2 hours. Other times 
and/or temperatures could also be used. FolloWing the 
treatment, the rotor sleeve 24 as depicted in FIG. 3 has a 
greened chromium oxide layer 28 disposed on both sides 
thereof. 

In an exemplary embodiment, the rotor sleeve 24 has a 
cross-sectional dimension—indicated as dimension ‘d’ in 
FIG. 3—of about 100 mils. In addition, the Width of the 
greened chromium oxide layer 28—indicated as dimension 
‘d’ in FIG. 3—has a value in a range from about 1 mil to 
about 30 mils, and preferably from about 3 mils to about 10 
mils. Speci?cally, the greened chromium oxide layer 28 is of 
a dimension ‘d’ so that it doesn’t spall, ?ake, or otherWise 
disintegrate for a minimum operational lifetime—Which in 
one preferred embodiment is in excess of 25,000 scan 
seconds—even When exposed to the extreme temperature 
?uctuations and high rotational speeds of the x-ray tube 100. 

FIG. 4 is an alternative embodiment of the present inven 
tion as depicted by a detail section taken also along the line 
3—3 of rotor sleeve 24 in FIG. 2. As can be seen in FIG. 4, 
a rotor sleeve 124 includes an essentially oxygen free copper 
substrate 130 and an alloy substrate 126 of chromium alloy 
of copper set forth herein. Alloy substrate 126 is formed 
upon copper substrate 130 by any suitable means. 
Preferably, alloy substrate 126 is plasma ?ame coated onto 
at least one surface of copper substrate 130. In addition, a 
greened chromium oxide layer 128 and 228 can be disposed 
upon the alloy substrate 126 in the manner previously 
described. 
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Thermal matching betWeen copper substrate 130 and 

alloy substrate 126 is a distinct advantage of this embodi 
ment. In the temperature ?uctuation range experienced for 
rotor sleeve 124, particularly at rotor hub-rotor sleeve inter 
face 19, thermal mismatch is less than about 10%, and 
preferably less than about 0.1%. The thermal rates of expan 
sion and contraction are thus very similar betWeen the tWo 
materials, thereby eliminating problems that are encountered 
With materials having dissimilar rates of thermal expansion. 

FIGS. 5 and 6 together illustrate yet another embodiment 
of the present invention. FIG. 5 illustrates a partial cut-aWay, 
elevational perspective vieW of an x-ray WindoW frame 
insert 232, that Would be disposed Within a x-ray tube 
housing or can 313, Which is designated in FIG. 6 (13 in 
FIG. 1). The frame insert 232 is braZed, Welded or otherWise 
integrally attached Within the x-ray can 313, Which is formed 
from any suitable material, such as stainless steel. Insert 232 
has an x-ray WindoW 234 affixed in the middle thereof, 
Which permits passage of the x-ray signal. In the embodi 
ment shoWn, x-ray WindoW 234 is made of beryllium Be, 
although other x-ray transmissive materials could also be 
used. The WindoW 234 is installed Within the can at a point 
adjacent to the anode 12, as is illustrated in FIG. 1. The 
portion of the x-ray WindoW frame insert 232 that is adjacent 
to the WindoW 234 is comprised of an alloy substrate 226, 
formed from the chromium alloy of copper previously 
described. In the illustrated embodiment, a greened chro 
mium oxide layer 228, preferably formed in a Wet H2 
environment in the manner previously described, is disposed 
upon the alloy substrate 226. As excessive amounts of heat 
are generated at the x-ray WindoW 234, alloy substrate 226 
acts as an e?icient heat transfer medium and greened chro 
mium oxide layer 228 acts as an e?icient thermal emitter 
substance to ultimately reject heat from the x-ray WindoW 
234. 

In an alternative embodiment, x-ray WindoW frame insert 
232 and can 313 comprise an integral unit made of the 
inventive chromium alloy of copper With at least one surface 
thereof treated to form greened chromium oxide layer 228. 
Preferably, a greened chromium oxide layer 228 is formed 
on an inner surface of the can 313 (13 in FIG. 1) along that 
portion of the surface that is adjacent to the rotor sleeve 24 
(FIG. 2). More preferably, a greened chromium oxide layer 
228 is disposed on both surfaces, i.e., the inner and outer 
surfaces of the can 313. An example is provided for dem 
onstration of the preparation of the inventive alloy. Aspecial 
alloy Was created by casting 1.5% chromium chips With the 
remainder being OFHC copper base stock. The chromium 
chips and OFHC copper base stock Were placed in a crucible 
and RF heated under a vacuum environment until melting 
Was complete and a liquid solution of the inventive chro 
mium alloy of copper Was formed. The alloy Was cast and 
subjected to a Wet H2 environment at about 1,000° C. for 
about 2 hours. The Wall of the cast article had a structure as 
depicted in FIG. 3, Wherein the treated inventive chromium 
alloy of copper substrate 26 had a greened chromium oxide 
layer 28. The greened chromium oxide layer 28 exhibited a 
dark green color and Was observed to be substantially 
integral With alloy substrate 26. In particular, the greened 
chromium oxide layer 28 did not exhibit any ?aking or 
spalling. 
The chromium alloy of copper may also be formed into a 

metal poWder for use as a stock material in poWder metal 
lurgical article formation techniques. Where rotation rates 
experienced in an x-ray device are applied to articles made 
of the inventive alloy, tensile stresses are experienced. When 
these stresses are coupled With the temperature ?uctuations 
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experienced in an x-ray device, the possibility of failure 
increases. A structure such as a rotor sleeve may be powder 
metal forged to gain advantages of a grain structure that is 
?ner and more uniform that an ingot-cast and cold- or 
hot-Worked article. 

In one embodiment of the present invention, a rotor sleeve 
24, for example, is made by poWder metallurgical tech 
niques knoWn in the art, but the chromium alloy of copper 
is used. The rotor sleeve may be cold pressed, hot pressed, 
or hot isostatic pressed. These techniques are knoWn in the 
art and one of ordinary skill in the art may apply knoWn 
pressing techniques to the inventive chromium alloy of 
copper. 

In one embodiment, the chromium alloy of copper is 
poWder metallurgically forged into a rotor sleeve and then a 
radial stress is applied by use of a mandrel that is inserted 
into the sleeve. The mandrel is made to expand the rotor 
sleeve While the sleeve is under a tensile and thermal load. 
The tensile load supplied by the mandrel can cause the rotor 
sleeve to expand by about 10% (increased radius). 
Preferably, the tensile load supplied by the mandrel causes 
the rotor sleeve to expand by about 5% or less. Presently 
preferred temperatures imposed on the rotor sleeve may be 
in a range from about room temperature to about 95% of the 
alloy liquidus temperature. Also, one preferred treatment 
time is in a range from about 30 seconds to about 1 hour. 
Under these preferred conditions, elongated grain groWth is 
perpendicular to the major axis of the sleeve. The elongated 
grain groWth provides an anisotropic quality in the rotor 
sleeve to resist tensile rupture during heated rotation thereof 

Distinct advantages exist With the present invention. With 
the x-ray device rotor assembly, the rotor sleeve as made of 
the chromium alloy of copper does not have the prior art 
problems of ?aking or spalling or of the shedding of grit. 
Additionally, because the entire rotor sleeve may be made of 
the chromium alloy of copper, the chromium alloy imparts 
desirable deformation resistance even under extreme tran 
sient thermal loads that are imposed upon the rotor assem 
bly. Additionally, Where the rotor is made of the chromium 
alloy of copper, heat conduction out of the nose of the rotor 
is greater than With a stainless steel rotor coated With copper 
and/or another high emissivity coating and the rotor retains 
the deformation resistant qualities of the inventive alloy. 
Where the present invention is embodied as an OFHC 

copper rotor substrate that has been plasma spray coated 
With the chromium alloy of copper, the advantage of this 
spraying operation over the prior art is that the mismatch 
betWeen the coef?cient of thermal expansion of the substrate 
and of the sprayed on coating is insigni?cant to the degree 
that detrimental spalling and ?aking of the coating is greatly 
reduced or eliminated. Additionally, Where the sprayed-on 
coating is greened in a Wet H2 environment, detrimental 
?aking or spalling of the coating in a greened condition is 
reduced or eliminated. 

Another advantage of the present invention is found in the 
embodiment of the bearing support that is made of the 
chromium alloy of copper material. Because of the strength 
ening effect of chromium in the amount With substantially 
oxygen free copper, the bearing support exhibits resistance 
to thermal deformation equivalent or superior to that of a 
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bearing support made of stainless steel or the like. 
Additionally, along With the superior deformation 
resistance, the chromium alloy of copper exhibits superior 
thermal conductivity qualities that facilitate the purpose of 
the x-ray device. 

Another advantage exists in the present invention Where 
the chromium alloy of copper is embodied in an x-ray 
WindoW insert for the x-ray can. Where the x-ray WindoW 
insert is made of the chromium alloy of copper material, heat 
generated at the WindoW is ef?ciently draWn aWay therefrom 
into the x-ray WindoW insert. Where the entire can is made 
of the inventive chromium alloy of copper, heat generated at 
the x-ray WindoW is ef?ciently draWn aWay in a manner that 
does not experience a thermal dam as in the previous 
embodiment Where the x-ray WindoW insert makes a junc 
tion With a can made of stainless steel or the like. 

The present invention may be embodied in other speci?c 
forms Without departing from its spirit or essential charac 
teristics. The described embodiments are to be considered in 
all respects only as illustrated and not restrictive. The scope 
of the invention is, therefore, indicated by the appended 
claims rather than by the foregoing description. All changes 
Which come Within the meaning and range of equivalency of 
the claims are to be embraced Within their scope. 

What is claimed and desired to be secured by United 
States Letters Patent is: 

1. An x-ray tube having at least one component that is at 
least partially comprised of a chromium alloy of copper, the 
chromium alloy of copper comprising a major amount of 
essentially oxygen free copper; and a minor amount of 
chromium. 

2. An x-ray tube as de?ned in claim 1, Wherein the amount 
of chromium is in a range from about 0.1% to about 10% by 
Weight of the chromium alloy of copper. 

3. An x-ray tube as de?ned in claim 1, Wherein the amount 
of chromium is in a range from about 0.5% to about 2% by 
Weight of the chromium alloy of copper. 

4. An x-ray tube as de?ned in claim 1, Wherein the copper 
is OFHC copper. 

5. An x-ray tube as de?ned in claim 1, Wherein the at least 
one x-ray tube component further Comprises an outer layer, 
the outer layer comprising oxides of the chromium. 

6. An x-ray tube as de?ned in claim 1, Wherein the at least 
one x-ray tube component is selected from at least one of the 
folloWing: a rotor sleeve; a rotor shaft; a bearing housing; a 
x-ray tube housing; and an x-ray WindoW insert. 

7. An x-ray tube having at least one component compris 
ing: 

a substrate comprising essentially oxygen-free copper; 
a coating disposed upon the substrate, the coating com 

prising a chromium alloy of copper; and 
a layer disposed upon the coating comprising oxides of 

the chromium. 
8. An x-ray tube as de?ned in claim 7, Wherein the at least 

one x-ray tube component is selected from at least one of the 
folloWing: a rotor sleeve; a rotor shaft; a bearing housing; a 
x-ray tube housing; and an x-ray WindoW insert. 

* * * * * 
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